Colorectal cancer (CRC) is one of the most aggressive cancers worldwide. Several anticancer agents are available to treat CRC, but eventually cancer relapse occurs. One major cause of chemotherapy failure is the emergence of drug-resistant tumor cells, suspected to originate from the stem cell compartment. The aim of this study was to ask whether drug resistance was associated with the acquisition of stem cell-like properties. We isolated drug-resistant derivatives of two human CRC cell lines, HT29 and HCT116, using two anticancer drugs with distinct modes of action, oxaliplatin and docetaxel. HT29 cells resistant to oxaliplatin and both HT29 and HCT116 cells resistant to docetaxel were characterized for their expression of genes potentially involved in drug resistance, cell growth and cell division, and by surveying stem cell-like phenotypic traits, including marker genes, the ability to repair cell-wound and to form colonospheres. Among the genes involved in platinum or taxane resistance (MDR1, ABCG2, MRP2 or ATP7B), MDR1 was uniquely overexpressed in all the resistant cells. An increase in the cyclin-dependent kinase inhibitor p21, in cyclin D1 and in CD26, CD166 cancer stem cell markers, was noted in the resistant cells, together with a higher ability to form larger and more abundant colonospheres. However, many phenotypic traits were selectively altered in either HT29-or in HCT116-resistant cells. Expression of EPHB2, ITGβ-1 or Myc was specifically increased in the HT29-resistant cells, whereas only HCT116-resistant cells efficiently repaired cellwounds. Taken together, our results show that human CRC cells selected for their resistance to anticancer drugs displayed a few stem cell characteristics, a small fraction of which was shared between cell lines. The occurrence of marked phenotypic differences between HT29-and HCT116-drug resistant cells indicates that the acquired resistance depends mostly on the parental cell characteristics, rather than on the drug type used.
Introduction
Colorectal cancer is the third most common cancer worldwide (1), with nearly 1.36 million new cases diagnosed in 2012 (2) . A major impediment in the success of available therapies is the recurrent adaptation of cancer cells, which evade from the tumor, and eventually reach and settle at distant sites, leading to metastases, which are often considered as the point of no return, and are associated with the worst outcome. Therefore, understanding the mechanisms that drive resistance of cancer cells bears special importance. Several such mechanisms have been studied in depth in numerous experimental setups. These include, but are not limited to: i) increased clearance of the drugs, either through increased efflux, decreased influx or increased metabolism that limit the in-cell life span of the compounds; ii) decreased metabolic conversion/activation of pro-drugs, which restricts the cytotoxic effect of the active product; iii) increased repair capacity towards cytotoxic or genotoxic damage; iv) decreased engagement of the apoptotic machinery in response to drugs (3) . A rational way to understand resistance is to isolate, from cancer cells grown in vitro, cells that are resistant to therapy, and to analyze their phenotypic properties. In the context of colon cancer, as for other epithelial cancers, it has been proposed that cancer cells may originate from a small fraction of tumor initiating cells, or cancer stem cells (CSC) that are located near the bottom of the crypts (4, 5) . There is a set of therapeutic strategies based on usage of anticancer agents such as oxaliplatin or irinotecan, among many others, in colon cancer. Oxaliplatin, a third generation platinum derivative, is frequently used for treating advanced CRC, in association with 5-fluorouracil. This platinum analogue inhibits tumor cell growth by covalent DNA binding (6) . Several studies reported that platinum agents enter the cells by passive diffusion and may be detoxified predominantly by the glutathione system (3) . Docetaxel (taxotere), an analogue of taxol, inhibits cell replication upon promoting the in vitro assembly of stable microtubules and inducing microtubule-bundle formation (7) . It is used for the treatment of a number of solid tumors such as breast, prostate, non-small cell lung cancer, and gastric adenocarcinoma, but it had limited activity in colon cancer patients (8) . Passive diffu-sion is believed to be the mechanism of uptake for docetaxel due to its lipophilic characteristics, although the organic anion transporting polypeptides (OATPs) could also play a role in its uptake (9) . Docetaxel is mainly metabolized in the liver by cytochrome P450 3A4 (CYP3A4), and to a minor extent by CYP3A5 (10) , and then eliminated by the multidrug resistance protein 1 (mDR1, ABCB1, P-glycoprotein) among others (11) . However, intrinsic or acquired resistance to these drugs is one of the major obstacles in the use of these agents in therapy (11, 12) . Platinum resistance is a process that could mainly include deregulation in drug transport and detoxification, DNA repair and impairment of apoptosis (3) . Likely, taxane resistance is associated with modifications in drug efflux mechanisms, involving the adenosine triphosphate (ATP)-binding cassette (ABC) transporter family (13) . The link between CSC and drug resistance has been reported in several studies (13, 14) . The existence of CSC within solid tumors, such as breast (15) , pancreas (16), brain (17) and colon (18, 19) or even in hematopoietic cancers (20) is rather accepted. CSC are particularly resistant to drugs, in part as a result of high expression levels of ATP-binding cassette (ABC) transporters, a high DNA repair capacity and increased levels of anti-apoptotic factors (21) (22) (23) . In addition, signaling pathways involved in differentiation and migration, such as the Wnt, Notch, Hedgehog or BmP/TGFβ pathways, may be altered as a result of cancer promoting mutations (5, 24, 25) . These pathways have been found to play a role in the regulation of the self-renewal of CSC but also in the regulation of the chemoresistant cells (26) . In this study, we generated cells resistant to oxaliplatin or docetaxel, two cytotoxic drugs with distinct modes of action. We characterized a number of phenotypic features, both directly associated to chemo-resistance and related to CSC characteristics. Our results confirm and extend previous studies, and further show that acquired drug resistance depends more on the type of cancer cell than on the drug type.
Materials and methods
Cell lines and culture conditions. HT29 cells were cultured in Dulbecco's modified Eagle's medium (DMEM; 4.5 g/l glucose) (Lonza, Belgium) supplemented with 10% fetal bovine serum (FBS) (Gibco Invitrogen, USA), and HCT116 cells were maintained in Dulbecco's modified Eagle's medium: nutrient mixture F-12 (DmEm/F-12) (Lonza, Belgium), supplemented with 5% FBS. All cultures were incubated at 37˚C in a humidified atmosphere containing 5% CO 2 . The medium was changed every two days, and cells were passaged using 0.05% trypsin/EDTA (Gibco Invitrogen).
Cell viability and growth. Cell viability of HT29 and HCT116 cells was measured by the colorimetric mTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) test (EmD millipore, USA). HT29 or HCT116 cells (7,500) were seeded in 100 µl medium into each well of 96-well plates and incubated for 24 h at 37˚C. The medium was then changed with fresh medium and exposed for 24, 48 or 72 h to the drugs at the following concentrations: 5 nm docetaxel (Accord Healthcare, France), 10 µM oxaliplatin (Teva Santé, France), 50 µM 5-fluorouracil (Pfizer, USA) or 1 µM camptothecin (Sigma, USA). After the incubation periods, 10 µl of mTT reagent (5 mg/ml in PBS) was added into each well and cells were incubated at 37˚C for 3 h to allow the MTT cleavage to occur. The reaction was then stopped with 100 µl isopropanol with 0.04 N hydrochloric acid (HCl). The absorbance was measured within an hour, on a multiplate reader (Thermo Labsystems multiskan spectrum, UV/Visible microplate Reader, USA) with a test wavelength of 570 nm and a reference wavelength of 630 nm. For cell growth analysis, 7,500 cells were seeded in 100 µl medium into each well of 96-well plates and the mTT test was performed daily as above.
Isolation of chemoresistant cells. HT29 and HCT116 cells were seeded at a density of 10 6 cells/57 cm 2 plates and were then continuously exposed to oxaliplatin (10 µm) or docetaxel (5 nm).
RNA extraction and reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA from parental and chemoresistant cells were extracted using NucleoSpin RNA II columns according to the manufacturer's instructions (macherey-Nagel, France). Two micrograms of total RNA were used for cDNA synthesis with random hexamers and reverse transcription was performed with the m-mULV reverse transcriptase (NEB Biolabs, France) in a final volume of 25 µl. For PCR, 2 µl of cDNA was used with primers designed using the 'Primer 3 Plus' software (the primer sequences will be provided upon request). The thermal cycling conditions were 94˚C for 5 min, followed by 23-35 cycles at 94˚C for 30 sec, 59-61˚C, for 50 sec and 72˚C for 1 min, and a final extension at 72˚C for 5 min. The housekeeping GAPDH or P0 genes were used as controls. The PCR products were visualized on 2% agarose gels. Reactions were run in three independent experiments.
Quantitative real-time PCR. The differential expression of all genes was analyzed by real-time PCR (ABI 7000, Applied Biosystems, France). PCR was performed with the Power SYBR-Green PCR master mix, according to the manufacturer's instructions (Applied Biosystems). All conditions were normalized relative to the GAPDH control transcript. The results were analyzed using the 2 -∆∆Ct method (27) .
Total protein extraction and western blotting. Cells were harvested, washed in PBS and homogenized in lysis buffer (1% SDS, 1 mm Na 3 VO 4 , 10 mm Tris pH 7.4) containing protease inhibitor cocktail (Roche, meylan, France) and kept for 20 min on ice. Genomic DNA was sheared by repeated passing of the extracts through 25-gauge needles and then centrifuged at 4200 g, for 1 min. Protein quantification was carried out using the Bio-Rad DC Protein Assay system and the absorbance was measured within one hour on a multiplate reader (Thermo Labsystems multiskan spectrum, UV/Visible microplate Reader, USA) at 750 nm. Fifty micrograms of protein extracts were boiled in Laemmli buffer for 5 min, separated by SDS-PAGE using 8% (mDR1 and E-cadherin) or 12% (ALDH1A1) polyacrylamide gels and transferred onto a polyvinylidene fluoride membrane (GE Healthcare, France) by electroblotting. Protein extracts used for detecting mDR1 were not boiled. membranes were saturated using Sea Block Blocking Buffer (Thermo Scientific, France) for 1 h at room temperature. Primary antibodies mDR1, ALDH1A1 (Cell Signaling Technology, USA), E-cadherin and Hsc70 (Santa Cruz Biotechnology, USA) were diluted in blocking buffer (Odyssey LI-COR Biosciences, USA), containing 0.1% Tween-20 ® . membranes were incubated with the suitable primary antibody, at 4˚C overnight, then washed four times with PBS/0.1% Tween-20 and incubated with the infrared absorbing secondary antibody (Odyssey ® ) for 1 h at room temperature. membranes were washed again and protein bands revealed using the Odyssey-LI-COR imaging system.
Cell cycle and flow cytometry analysis. Cell cycle distribution of parental and resistant cells was determined using the BD Accuri C6 flow cytometer (BD Biosciences, USA). Cells were plated at a density of 10 6 cells/57 cm 2 plates and cultured for 48 h before analysis. Under these conditions, the cells were in the log phase of the growth cycle. Cells were trypsinized and centrifuged. The pellet was suspended in 1 ml of 70% cold ethanol (-20˚C) and incubated for ≥2 h at -20˚C. After this incubation, cells were washed twice with PBS and each pellet was suspended in 500 µl of a PBS buffer containing 0.2% NP40 and 0.5 mg/ml of RNase A. At this point, cells were incubated at room temperature for 15 min and then on ice for 10 min. Finally, 50 µg/ml propidium iodide (Sigma-Aldrich, USA) was added. Non-labeled corresponding cells served as gating controls.
Anchorage-independent growth assay. Soft agar assays were performed to determine the ability of parental and chemoresistant cells to grow under anchorage-restricting conditions. Each well of a 6-well plate was coated with 1 ml of the corresponding medium with 1 ml of 1% SeaKem agarose (Lonza, USA). After 20 min of incubation at 37˚C, suspensions of 500 cells were added in 750 µl of medium with 250 µl of 1% SeaKem agarose. Cells were incubated for 18 days under standard conditions (37˚C, 5% CO 2 ) in 300 µl medium. After the incubation period, cells were examined by stereomicroscopy and the number of colonies was counted in each well.
Cell proliferation. The proliferation rate of the parental and resistant cells was analyzed over a 6-day culture period. For this, 24,000 cells per well were seeded in 6-well plates. Every day, 3 wells per condition were counted using the BD Accuri C6 flow cytometer's cell counting function. Briefly, the supernatant was harvested and cells washed with PBS. Then, cells were trypsinized with 300 µl of 0.05% trypsin/EDTA per well. The single cell-suspensions were washed twice with PBS, and suspended in a final volume of 150 µl PBS. The total volume was passed through the cytometer and the cell number was counted directly.
Wound-healing assay. Parental and resistant cells were seeded in 6-well plates and allowed to adhere and spread to give a confluent monolayer. At this point, a straight line was made with a p200 pipette tip to create a scratch (wound). Reference points were made with an ultrafine tip marker. Cells were then washed gently with PBS and cultured in their corresponding medium for the period of the assay. Cells were observed using an inverted Zeiss Axio Vert.A1 microscope (x5) (Carl Zeiss, Germany). Photos were taken every day on exactly the same field, with the microscopy camera Axiocam ERc 5s Rev 2.0 (Zeiss), starting from the day the scratch was made (day 0). The reference mark was left outside the captured field, and scratch sizes were similar in the parental and resistant cells at day 0. The images acquired for each condition were analyzed using Zen Lite 2011 software. The distance (µm) between the two sides of the scratch was measured every day, according to ref. 28 .
Statistical analysis. Statistical significance was determined by
Student's t-test. p-values <0.05 were considered as statistically significant.
Results

Short-term cell viability analysis.
In order to determine their drug sensitivity, HT29 and HCT116 cells were exposed to 5 nM docetaxel, 10 µM oxaliplatin, 50 µM 5-fluorouracil or 1 µm camptothecin for 24, 48 or 72 h. Cell viability was assessed using the mTT test ( Fig. 1 ). HT29 cells displayed nearly 80% viability after docetaxel exposure for 24 h and essentially no sensitivity to the three other molecules. After 48-and 72-h treatment, cell viability decreased significantly in response to docetaxel (68 and 45%, respectively), 5-fluorouracil (68 and 56%, respectively) or camptothecin (42 and 23%, respectively). Oxaliplatin reduced cell viability by 20% after 72 h. By contrast, HCT116 cells were sensitive to the four molecules at 24 h, with 77, 89, 85 and 49% viability for docetaxel, oxaliplatin, 5-fluorouracil and camptothecin, respectively. For the 48-and 72-h conditions, HCT116 cell viability decreased even further with 29, 31, 30 and 3% viability at 72 h for docetaxel, oxaliplatin, 5-fluorouracil and camptothecin, respectively.
Isolation of drug-resistant cells.
To determine the effects of drug resistance on the cellular phenotype, we selected HCT116 and HT29-resistant derivatives. Although we could not isolate camptothecin or 5-fluorouracil-resistant cells, we successfully recovered docetaxel (5 nm) or oxaliplatin (10 µm)-resistant cell populations following 2 months of continuous exposure to either drug, after which no more signs of cell death were observed. Stably resistant cell populations were isolated after 7-9 weeks.
Growth of resistant cells. Growth of the drug-resistant cells was analyzed over 5-or 6-day periods. We first measured the in vitro proliferation rate of parental and resistant cells using the mTT cell viability assay. In parallel, the proliferation rate of the cells was assessed using the cell counting feature of the BD accury C6 flow cytometer. Both methods gave similar results for the general trend of the growth curves (Fig. 2) . The proliferation rate of the HT29/DocR cells was higher than that of the parental cells. By contrast, HCT116/DocR cells grew more slowly than HCT116 parental cells. In addition, HT29/ OxR cells grew somewhat more slowly than HT29 parental cells.
Colony formation of chemoresistant cells. A phenotypic characteristic of CSC is their ability to grow as colonospheres or spheroids, which can be evaluated in presence of agarose, i.e., when no adhesion to the plate is possible. Both the parental and the three resistant cell lines generated spheres after 18 days of incubation. However, chemoresistant cells produced essentially larger spheroids (Fig. 3A) . moreover, the number of spheroids was significantly higher for the resistant cells ( Fig. 3B ). HT29 cells formed on average 177 spheroids, versus 220 (124%) and 246 (139%) spheroids, respectively for HT29/ DocR and HT29/OxR cells (p<0.05). For HCT116 cells, an average 156 spheres were counted compared to 190 (122%) spheres for HCT116/DocR cells (p<0.01).
Wound-healing assay. In order to assay the migration ability of resistant cells, an indicator of the stemness-like phenotype, we used the wound-healing assay method (29) . Parental and resistant cells were cultured in 6-well plates, and a gap was made upon scratching the plate surface after cells had reached confluency. Images were captured daily and the distance (in µm) between the two edges of the scratch was measured. For the HT29 cells, no significant difference was recorded in the percentage (%) of scratch closure between the parental (49.9%) and resistant cells (48 and 49.8% for HT29/DocR and HT29/OxR cells, respectively -data not shown). By contrast, the HCT116/DocR cells were able to achieve a complete closure of the scratch (100%) at day 8 post-scratch while the HCT116 parental cells had closed only 71% of the gap on the same day ( Fig. 4) .
Cell cycle distribution. The effects of chemo-resistance on the cell cycle were evaluated using flow cytometry analysis. Genes implicated in cell cycle or apoptosis control were studied by RTqPCR. No change in cell cycle distribution was observed in HT29/DocR cells (Fig. 5 ). However, the proportion of HCT116/DocR cells (61%) in the G0/G1 phase was higher than that of the parental cells (46%), and fewer cells were in the S (20 vs 28% in parental cells) and G2/m phases (19 vs 26%). Accordingly, the level of cyclin B1, which controls the G2/m transition, was decreased in HCT116/DocR cells, which correlated with the cell cycle distribution of the cells (Table I) and the slowest growth. For the HT29/OxR cells, the fraction of cells in G2/m was decreased (from 29 to 22%) and that in S phase was increased (from 15 to 21%) ( Fig. 5) . Surprisingly, cyclin B1 was increased while the fraction of HT29/OxR cells in G2/m was decreased, suggesting that some other mechanism may be involved in downregulating HT29/OxR cells growth. Cyclin D1, which controls progression through the G1 phase, showed a 1.7-1.8-fold increase in the three resistant cell lines. The cyclin-dependent kinase inhibitor 1 (p21), which acts as a negative regulator of cell cycle progression during the G1 and (Table I) . The cyclindependent kinase inhibitor 1B (p27) was marginally increased (1.6-and 1.4-fold in HT29/DocR and OxR cells, respectively). Survivin, which opposes apoptosis, was overexpressed in HT29/OxR cells (3.2-fold).
To follow the characterization of the resistant cell phenotypes, we selected a number of specific markers associated with drug resistance, colon cancer differentiation and cancer stemness. A global survey of these markers showed that drugresistant HT29 cells expressed most of them at higher levels than parental cells (24 and 25 overexpressed out of 34 markers for HT29/DocR and HT29/OxR, respectively). By contrast, most of these markers remained unchanged in HCT116/ DocR in comparison with parental cells (24 unchanged out of 34 markers). CD26, CD166, Cyclin D1, p21 and mDR1 were the five genes commonly upregulated between all three drug-resistant cell populations (Table I and Fig. 6 ).
Drug resistance and expression of chemo-resistance-related markers.
The expression level of genes potentially involved in oxaliplatin or docetaxel resistance was analyzed by RT-PCR, RT-qPCR and/or western blot analyses. The three resistant cell populations exhibited higher levels of mDR1, a member of the superfamily of ATP-binding cassette (ABC) transporters responsible for decreased drug accumulation in multidrugresistant cells. A 3.3-fold-change for the HT29/DocR cells, an 8.1-fold-change in the HT29/OxR cells and a 22-fold-change increase for the HCT116/DocR cells were obtained (Table I) . However, the western blot analysis showed overexpression of the mDR1 protein in HCT116/DocR cells, but not in HT29resistant cells, possibly because of a very low basal expression level (Fig. 7) . The level of ATP-binding cassette sub-family G member 2 (ABCG2) mRNA was increased in HCT116/DocR cells, but declined in HT29/DocR and HT29/OxR cells. The multidrug resistance-associated protein 2 (mRP2), which was reported to be involved in the response to oxaliplatin (30) , was increased in HT29/OxR cells but decreased in HCT116/DocR cells. The level of the organic anion transporting polypeptide 2B1 (OATP2B1), which contribution to docetaxel uptake and clearance is not well established (31), was evaluated. No change was registered for the HT29/OxR cells or the HCT116/ DocR cells, while a 1.6-fold increase was observed in HT29/ DocR cells. The copper transporter ATP7A that pumps out platinum compounds (32) , was increased in some tumors, including CRC, and slightly increased in the HT29/DocR and HT29/OxR cells. ATP7B levels were increased only in HT29/ DocR. Drug uptake was evaluated with the copper transporter hCTR1, but no significant difference was observed in the resis- tant cells. We looked also at expression of drug detoxification and drug-metabolizing enzymes. metallothionein 2A (mT2A) was increased (2.4-fold) in HT29/OxR cells. Glutathione-Stransferase π (GSTπ and cytochrome CYP3A5 levels showed no change in the resistant cells. Since DNA repair is one of the predominant events that occur in resistance to platinum agents, we analyzed expression of xeroderma pigmentosum group D and group F (XPD and XPF) and cocaine syndrome group B (CSB), members of the nucleotide excision repair (NER) pathway (33) . No change was observed in HCT116/ DocR mRNA levels of these genes, whereas CSB and XPF and, to a lower extent, XPD, were increased (1.5-to 1.9-fold) in HT29/DocR and HT29/OxR cells, although docetaxel does not trigger DNA damage. Finally the nuclear factor NFκB1 that plays a role in the inhibition of apoptosis and the induction of resistance to various chemotherapeutic agents (34) , was slightly overexpressed in HT29 (1.4-to 1.5-fold), but not in HCT116-resistant cells.
Effect of chemo-resistance on the expression of differentiation markers. Solid cancer resistance to therapy has been linked to the existence of CSC that may be mostly resistant to anti- Table I . RT-qPCR analyses of marker genes in drug-resistant cells, cell cycle and apoptosis-related genes, differentiation markers and the CSC potential marker expression. a cancer treatments. We used RT-PCR, RT-qPCR and western blot analyses to survey differentiation markers. E-cadherin, which plays a role in cell-cell adhesion, is reportedly associated with the epithelial to mesenchymal transition (EmT), a characteristic feature of cancer-associated aggressiveness, when underexpressed (35) . However, E-cadherin mRNA increased by 2-and 1.8-fold in HT29/DocR and OxR cells (Table I) , while no change was detected at the protein level (Fig. 7) , and remained unchanged in HCT116/DocR cells. In addition, expression of TGFβ1, which is involved in metastasis and invasion, was increased in HT29/DocR and HT29/OxR cells, but not in HCT116/DocR cells. TGFβ2 was reduced in HCT116/DocR cells. The tissue-specific actin-binding protein villin, which is associated with invasion and aggressiveness in cancers, was slightly overexpressed in HT29/ DocR cells. β1 catenin and α1 catenin that are implicated in EmT in cancer, were overexpressed in both HT29/DocR and HT29/OxR cells, but no change in expression occurred in HCT116/DocR cells.
Fold change versus levels in parental cell lines
Chemo-resistance and expression of CSC markers. We next analyzed the expression of several CSC markers (Table I) .
Dipeptidyl peptidase-4 (DPP4), also known as CD26 (cluster of differentiation 26) (36) is a stem cell-inducing gene; it was overexpressed in HT29/DocR with a 2.3-fold-change, likewise in HT29/OxR cells and HCT116/DocR cells with a 2-foldchange. We next studied the expression of CD133 and CD166, trans-membrane glycoproteins implicated in cell adhesion and migration (37, 38) . CD133 mRNA levels increased by 2.8-and 2.1-fold in HT29/DocR and HT29/OxR cells, respectively, but did not change in HCT116/DocR cells. CD166 expression was strongly increased in HT29/DocR (4.1-fold) and HT29/OxR (7.9-fold) cells, whereas it was increased only 1.5-fold in HCT116/DocR cells. The epithelial cell adhesion molecule (EpCAm) was overexpressed (1.8-to 2.3-fold) in the HT29resistant cells, but not in HCT116-resistant cells. The ephrin type-B receptor 2 (EPHB2) gene, which encodes a receptor with tyrosine kinase activity that characterizes colorectal cancer stem cells, was also overexpressed in HT29/DocR (2.2-fold) and HT29/OxR (6.5-fold) cells, but not in HCT116/ DocR cells (Table I and Fig. 7) . The octamer-binding transcription factor 4 (Oct-4) is a transcription factor essential for maintenance of the self-renewal, or pluripotency of undifferentiated embryonic stem cells (37) . Its level was increased in the HT29/DocR (2-fold) and HT29/OxR (1.6-fold) cells, but not in HCT116/DocR cells. The myc oncogene, considered as an essential factor in the generation and maintenance of the stemness status (39) , was also overexpressed in both HT29/DocR (2.2-fold) and HT29/OxR (1.9-fold) cells, but not in HCT116/DocR cells. Integrin β-1 (ITGβ-1) mRNA, which has been shown to play a role in the resistance of hepatic and esophageal carcinoma cells to docetaxel (40, 41) , showed an increased expression in HT29/DocR (1.6-fold) and HT29/OxR (3.2-fold) cells, again with no noticeable change in HCT116/DocR cells. The serine/arginine protein kinase 1 (SRPK1), involved in phosphorylation-dependent activation of serine/arginine-rich RNA binding proteins, in platinum resistance (42) and in the acquisition of an EmT phenotype (43) showed a 1.6-fold increase in HT29/OxR.
Discussion
In this study, we set out to analyze the overall phenotype of human colon cancer cells selected for their acquired resistance to the anticancer drugs oxaliplatin and docetaxel. We were successful in isolating drug-resistant HT29 and HCT116 cells following 2-month continuous exposure to the drugs. Short-term drug treatments showed that HCT116 cells were much more sensitive than HT29 cells, possibly due, at least in part, to their higher multiplication rate. Camptothecin was the most toxic for both cell lines after 48 or 72 h. However, we could not isolate camptothecin-resistant cells, presumably because DNA topoisomerase I activity is mandatory. The drug-resistant cells were capable of forming more and larger colonies in agarose-containing medium than naïve cells. This capacity fits well with stem cell properties whereby a cell can expand and give rise to a heterogeneous colony in vitro, under anchorage-independent conditions, resembling that happening during EmT and invasion. In addition, the ability of scratch repair was strongly magnified in HCT116/DocR cells as compared to parental cells, although this was not the case for HT29-resistant cells, making this another clear distinction among the HT29 or HCT116-resistant cells.
Drug metabolism and disposition. Several drug-metabolizing enzymes have been implicated in the metabolism of docetaxel and/or platinum salts (6, 44, 45) . The expression levels of CYP3A5, GSTπ and mT2A were barely changed in the resistant cells, except in HT29/OxR cells where a 2.4-fold increase occurred for mT2A, which agreed with previous reports (46, 47) linking the overexpression of mT2A to resistance to platinum drugs. The multidrug resistance protein 1 (mDR1 or Pgp or ABCB1) is an ATP-dependent efflux pump localized at the cell membrane that plays a role in expulsing a variety of toxic agents. mDR1 is primarily expressed in normal tissues such as the liver, the brain and the gastrointestinal tract, before the initiation of any therapy (48, 49) . However, it has been linked to a general drug resistance phenotype, as its gene is often ampli- fied and/or overexpressed in tumors or in colon CSC (50, 51) . Docetaxel is mainly eliminated by Pgp-mediated efflux (11) . Hence, the resistant phenotype observed here agrees well with an increased expulsion of docetaxel due to overexpression of Pgp in HCT116/DocR. Strikingly, ABCG2 was overexpressed in HCT116/DocR cells only. Although oxaliplatin is not an ABCG2 substrate (21) , upregulation of its mRNA has been observed in some oxaliplatin-resistant CRC cells (52) . In addition, docetaxel may (53) or may not (21) be an ABCG2 substrate, depending on the study. The mRP2 (encoded by the ABCC2 gene) increase was associated with resistance to oxaliplatin of HT29/OxR, as reported (54) . Hence, the main genes potentially involved in oxaliplatin resistance were mDR1 and mRP2. OATP2B1, although reported to affect the intracellular concentration of several anticancer drugs (31, 45, 55, 56) , was only marginally increased in HT29/DocR. No consistent pattern of regulation was observed for the ATP7A, ATP7B and hCTR1 copper transporters, although a 2.2-fold increase in ATP7B levels occurred in HT29/DocR.
DNA repair and signaling. The nucleotide excision repair (NER) pathway is responsible for repairing DNA adducts produced by platinum agents (57, 58) . Expression of CSB and XPF genes was increased in HT29/OxR cells, in good agreement with the increase in DNA-repair ability and the development of resistance to cisplatin (59) . Expression of these genes was also increased in HT29/DocR but not in HCT116/ DocR cells.
As splicing abnormalities frequently occur in cancer (60), we looked at SRPK1, a kinase that phosphorylates, and hence positively controls, the activity of the SR-rich proteins. However, only HT29/OxR cells showed a moderate 1.6-fold increase SRPK1 compared to HT29 parental cells. The nuclear transcription factor NFκB was reported to mediate tumor progression, metastasis and resistance to drugs (61) . NFκB is activated in response to many stimuli such as tumor necrosis factor α, radiation and chemotherapeutics, including docetaxel (62) . This activation leads to inhibition of apoptosis and to resistance to various chemotherapeutic agents (34), including docetaxel. However, only small changes in expression were observed in the DocR cells.
Cell cycle and apoptosis regulation. Distribution of the cells in the different phases of the cycle was measured by flow cytometry. Although only slight modifications were observed for HT29-resistant cells, a higher proportion of HCT116/ DocR cells were recorded in the G0/G1 phase, together with a decreased proportion of cells in the S phase and a lower proportion in the G2/m phase, in agreement with previous reports (63) . Surprisingly, Cyclin B1, which main role is to control the G2/m phase, was increased in the HT29/OxR cells. Cyclin D1, which is required for the progression through the G1 phase, was increased in the three resistant cell populations. The cyclin-dependent kinase inhibitor 1 (p21) that mediates growth arrest was increased strongly in the three resistant cell populations. p21 has also a well-known role in protecting colon cancer cells against a variety of injuries, including those caused by anticancer drugs (64) . By contrast, the cyclin-dependent inhibitor 1B (p27), a cell cycle inhibitor, was slightly overexpressed in HT29-resistant cells. Survivin, that inhibits caspase activation, thereby preventing apoptosis, was uniquely increased in HT29/OxR cells.
EMT markers. Resistance to chemotherapeutics has been partly correlated to an EmT phenotype (65) . Three major factors associated with EmT, E-cadherin, β-catenin and α-catenin were overexpressed in both HT29-resistant cells, but β-catenin and α-catenin were decreased in HCT116/DocR cells. TGFβ is a pluripotent cytokine expressed in the colon that promotes invasion and metastasis during advanced stage CRC. The increase of TGFβ1 was linked to the EmT in a number of solid tumors, including CRC (66). TGFβ1 level was increased in HT29-resistant cells, while TGFβ2 was either suppressed or unchanged across all cells. The level of the invasion-associated gene villin was barely changed, although previous reports showed that overexpression of villin was correlated to an aggressive cell phenotype and to EmT (67) .
Stem cell markers. many CSC markers, such as cell surface receptors or transmembrane proteins involved in cell-cell or cell-matrix adhesion, including CD133, EpCAm, CD166, the integrin family, or stem cell inducing genes (Oct-4, CD26) have been reported (37, 68) . Our data showed that all markers but ALDH1A1 were increased in HT29-resistant cells. ALDH1A1 expression was undetected in HCT116 parental and drug-resistant cells, although, ALDH1A1 was proposed to characterize a subpopulation of cells with tumor-initiating or cancer stem cell properties in several malignancies (69, 70) . By contrast with HT29-resistant cells, only CD26 and CD166 showed some increase, but a very limited one, in HCT116/ DocR cells. Enhanced expression of CD26 correlated with the associated increase in metastatic capacity and resistance to drugs in CRC (36) , and that of CD166, a transmembrane glycoprotein, was previously reported to result in an enhanced cell adhesion and migration (38) . EpCAm, a transmembrane glycoprotein involved in cell signaling, migration, proliferation and differentiation (71) , was also increased in HT29 drug-resistant derivatives. Similarly, the ephrin type-B receptor (EPHB2), which may be controlled by the Wnt pathway, an event critically required for the progression of colorectal cancer, or Oct-4, a pluripotent stem cell inducer and a self-renewal regulatory factor, which may play a role in the physiology of CSC (72), were also upregulated. myc plays a central role in regulating proliferation and survival of normal cells and CSC and connects malignancy with stemness (39), was also overexpressed in HT29-resistant cells. Receptors of the β1 integrin family are involved in many tumor-promoting activities (73) , and overexpression of ITGβ-1 has been reported in hepatocellular carcinoma (HCC) (41) and esophageal squamous cell carcinoma (40) . It has been associated with resistance to apoptosis via the activation of a mAP kinase-dependent pathway. For esophageal squamous cell carcinoma, it was suggested that targeting ITGβ-1 could enhance the effect of chemotherapy, particularly in using docetaxel (40) .
In conclusion, the isolation of oxaliplatin and/or docetaxelresistant cell populations from 2 different human colon cancer cell lines revealed a number of shared phenotypic traits. Increased ability to form colonospheres was common to HT29 and HCT116 drug-resistant cells, and all cell populations showed increased expression of the CD26, CD166, Cyclin D1, p21 and mDR1 genes. However, other markers showed cell line-restricted regulations. Strikingly, differentiation and EmT markers were increased in HT29, but not in HCT116 drug-resistant cells. By contrast, a marked increase in wound repair activity was specific for HCT116/DocR cells, indicating a higher ability to engage into active migration. Our results suggest that better chances to overcome colon cancer resistance, intrinsic or acquired, might be obtained by lowering tumor expressed mDR1 and, possibly, CD26, CD166, Cyclin D1 and p21. In conclusion, the selection of drug-resistant derivatives of HT29 and HCT116 cells led to the isolation of cell populations displaying a few shared but, mostly, unshared phenotypic properties (Fig. 8 ). This suggests that, in the case of oxaliplatin and docetaxel, the establishment of a drug-resistant phenotype may use different routes, depending on the cancer cell of origin. Taken together, the results presented here indicate that the acquisition of drug resistance by established colon cancer cell lines is only partly associated with the expression of a strict colon cancer stem cell phenotype.
